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(54) Thermal therapy apparatus 

(57) A thermal therapy apparatus has a detecting 
device for detecting the irradiation direction of energy in 
thermal therapy by which energy irradiates a living body, 
and can thereby easily set an emission portion in a 
desired direction and control the thermal therapy on the 
basis of the detection information. This thermal therapy 
apparatus for performing a medical treatment by irradi- 
ating a living body with energy includes an energy gen- 
erator for generating the energy, an insertion portion 
which can be inserted into a living body and which has 



a reflecting portion for performing lateral irradiation of 
the energy with respect to the longitudinal direction of 
the insertion portion, a transmitting unit for transmitting 
the energy generated by the energy generator to the 
reflecting portion, a direction detecting unit for detecting 
the irradiation direction of the energy in the insertion 
portion, and a controller for controlling the thermal ther- 
apy on the basis of information about the detection by 
the direction detecting unit. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a thermal 5 
therapy apparatus for performing thermal therapy by 
inserting an insertion portion into a body cavity or tract 
such as a blood vessel, digestive tract, urinary tract, 
abdominal cavity, or thoracic cavity, or by surgically 
pushing the insertion portion against a vital tissue, and w 
irradiating the vital tissue with energy such as a laser 
beam, microwave, radiofrequency, or ultrasonic wave. 

BACKGROUND OF THE INVENTION 

15 

[0002] A thermal therapy apparatus is known which 
uses a long insertion portion to be inserted into a living 
body by using a body cavity or performing small inci- 
sion. This insertion portion irradiates a vital tissue con- 
taining a morbid portion with energy such as a laser 20 
beam, microwave, radiofrequency, or ultrasonic wave to 
extinguish this morbid tissue by heating, degeneration, 
necrosis, coagulation, cauterization, or vaporization, 
thereby treating the morbid portion. 

[0003] Generally, this thermal therapy apparatus 25 
irradiates a morbid portion in a surface layer or its vicin- 
ity of a vital tissue directly with energy. Another tech- 
nique is also known which irradiates a deep portion of a 
vital tissue with energy to treat a morbid portion, such 
as a prostate, positioned deep in the vital tissue. 30 
[0004] This thermal therapy apparatus treats, e.g., 
a prostate following a procedure described below. That 
is, an operator manually inserts an insertion portion into 
a urethra to allow an emission portion to reach a pros- 
tatic urethra (a urethra surrounded by a prostate), 35 
rotates the insertion portion in a desired energy irradia- 
tion direction around the urethra to match the direction 
of the emission portion with the energy irradiation direc- 
tion, and irradiates the prostate with energy. 
[0005] An operator generally performs the above 40 
series of operations while observing the urethra with an 
endoscope. Also, some thermal therapy apparatuses 
perform irradiation of energy not only in one direction 
but in a plurality of directions. In this case, an operator 
repeats the series of operations described above in 45 
each of these directions. 

[0006] In the thermal therapy apparatus described 
above, an operator manually rotates the insertion por- 
tion in the energy irradiation direction around a urethra 
to match the direction of the emission portion with the so 
irradiation direction. Hence, the operator cannot easily 
confirm the direction of the emission portion. This 
makes it difficult to match the direction of the emission 
portion with a desired energy irradiation direction, 
imposing a severe burden on the operator. 55 
[0007] Also, during therapy a patient sometimes 
moves by reflex owing to, e.g., a feeling of physical dis- 
comfort, a feeling of burning, or a pain, and this may 



deviate the irradiation position or irradiation direction of 
an insertion portion of a medical energy irradiation 
apparatus. In some cases, an operator may be unaware 
of this deviation. As a consequence, no satisfactory 
effect of treating a morbid portion may be obtained, or a 
portion other than the target portion may be irradiated 
with energy. 

[0008] Furthermore, when the operator notices the 
deviation of the position or direction of the insertion por- 
tion and wants to again match the direction of the emis- 
sion portion with the desired energy irradiation 
direction, the direction of the emission portion may not 
be matched with the previously matched direction. Con- 
sequently, no satisfactory effect of treating a morbid por- 
tion may be obtained. 

[0009] In a thermal therapy apparatus which per- 
forms irradiation of energy not only in one direction but 
also in a plurality of directions, the operation becomes 
cumbersome. Therefore, in irradiation of energy in one 
desired direction, the direction of an emission portion 
may be matched in a direction in which energy already 
irradiates. 

[0010] Consequently, energy may irradiate more 
than needed in the same direction. 
[0011] The present invention has been made in 
consideration of the above conventional problems, and 
has as its first object to provide a thermal therapy appa- 
ratus capable of readily matching the irradiation direc- 
tion of energy with a desired direction by detecting the 
energy irradiation direction. 

[001 2] It is second object of the present invention to 
provide a thermal therapy apparatus which prevents 
energy irradiation to a portion other than a target portion 
by automatically interrupting or controlling thermal ther- 
apy even when the irradiation direction of energy devi- 
ates owing to the movement of a patient during the 
thermal therapy. 

SUMMARY OF THE INVENTION 

[0013] According to the present invention, the 
above object is attained by providing a thermal therapy 
apparatus for performing a medical treatment by irradia- 
tion of energy into a living body comprises energy gen- 
erating means for generating the energy, a long 
insertion portion which can be inserted into the living 
body, an emission portion formed in the insertion por- 
tion to perform lateral irradiation of the energy with 
respect to a longitudinal direction of the insertion potion, 
direction detecting means for detecting an irradiation 
direction of the energy in the insertion portion, confirm- 
ing means for notifying an operator of information about 
the detection by the direction detecting means, and con- 
trol means for controlling said irradiation of the energy 
on the basis of the information about the detection by 
the direction detecting means. Other features and 
advantages of the present invention will be apparent 
from the following description\aken in conjunction with 
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the accompanying drawings, in which like reference 
characters designate the same or similar parts through- 
out the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 5 

[0014] The accompanying drawings, which are 
incorporated in and constitute a part of the specification, 
illustrate embodiments of the invention and, together 
with the description, serve to explain the principles of w 
the invention. 



DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

[0015] Illustrative embodiments of the present 
invention will now be described in detail in accordance 
with the accompanying drawings. 
[0016] The first embodiment will be described in 
detail below with reference to Figs. 1 to 7. Fig. 1 is a 
view showing the system configuration of a thermal 
therapy apparatus 10 of the first embodiment. This ther- 
mal therapy apparatus 10 has a side-emission-type 
laser beam irradiation unit 1 to be inserted into a living 
body. A laser beam guided through an optical fiber 118 
from a laser beam generator 2 irradiates a vital tissue 
20 from a housing 112. 

[0017] A rotational angle setting/detecting unit 120 
is placed between a main body front portion 110 (to be 
referred to as a main body front portion hereinafter) and 
a main body rear portion 111 (to be referred to as a 
main body rear portion hereinafter) of the laser beam 
irradiation unit 1. This rotational angle setting/detecting 
unit 120 is used to determine the irradiation direction of 
the laser beam emitted from a laser reflecting surface 
127 placed inside the housing 112 of the laser beam 
irradiation unit 1 . 

[0018] That is, the rotational angle setting/detecting 
unit 120 indicates the angle of a laser beam irradiation 
direction with respect to a reference axis (in the oppo- 
site direction to gravity) in the circumferential direction 
of the main body front portion 1 1 0 of the laser beam 
irradiation unit 1 inserted into a living body. Also, when 
a patient moves for some reason during thermal ther- 
apy, the rotational angle setting/detecting unit 120 
detects the degree of deviation of the angle of the laser 
beam irradiation direction from a set value. 
[0019] Furthermore, the main body front portion 
110 includes a plurality of lumens (not shown) for circu- 
lating a coolant, which communicate with the housing 
112 connected to the end portion of the main body front 
portion 110. These lumens are connected to a coolant 
supply tube 1 85 and a coolant return tube 1 86 of a cool- 
ant circulating unit 4. 

[0020] On the basis of a control signal from a con- 
troller 6, the coolant circulating unit 4 supplies a coolant 
to the laser beam irradiation unit 1 at a set flow rate. On 
the basis of a control signal from the controller 6, a cool- 
ant temperature controller 5 controls the temperature of 
the coolant by heating or cooling the coolant. 
[0021 ] A motor 1 88 rotates at a set rotational speed 
on the basis of a control signal from the controller 6. The 
controller 6 includes an operation unit 8 as an input 
means, a display unit 7 for displaying input information 
or system information, a control unit (not shown) for 
controlling each device, a storage device (not shown) 
for storing various pieces of information, and an 
input/output unit (not shown) for inputting and outputting 
various kinds of information. 

[0022] When thermal therapy is performed, the 



Fig. 1 is a view showing the system configuration of 
a thermal therapy apparatus 10 of the first embodi- 
ment; 15 
Fig. 2 is a sectional view of an end portion and its 
vicinity of a laser beam irradiation unit main body 
1 1 0 of the first embodiment; 

Fig. 3 is a perspective view for explaining the struc- 
tures of a reflecting surface 1 27 and an arm 1 1 6 of 20 
a laser beam irradiation unit 1 ; 
Fig. 4 is a view for explaining the relationship 
between the movement of the reflecting surface 
127 of the laser beam irradiation unit 1 and the 
laser beam irradiation direction; 25 
Fig. 5 is a sectional view for explaining an applica- 
tion of the laser beam irradiation unit 1, which 
shows the end portion and its vicinity inserted into a 
vital tissue; 

Fig. 6A is a view showing a rotational angle set- 30 
ting/detecting unit 120 of the first embodiment, and 
Fig. 6B is a view showing a laser beam irradiation 
direction matched in Fig. 6A; 

Fig. 7 is a flow chart for checking for the deviation of 
laser beam irradiation position in accordance with 35 
the body movement of a patient during thermal 
therapy in the first embodiment; 
Fig. 8 is a view showing the positional relationship 
between irradiation direction 1 and irradiation direc- 
tion 2; 40 
Fig. 9 is a flow chart for checking for the deviation of 
laser irradiation position in accordance with the 
body movement of a patient during thermal therapy 
in the first embodiment; 

Fig. 10 is a view showing the system configuration 45 
of a thermal therapy apparatus 10 of the second 
embodiment; 

Fig. 1 1A is a view showing a rotational angle set- 
ting/detecting unit 140 of the second embodiment; 
Fig. 1 1 B is a view showing a method of detecting a so 
rotational angle by the rotational angle set- 
ting/detecting unit 140 of the second embodiment; 
and 

Fig. 12 is a view showing a stand member 144 as a 
rotational angle/position detecting means con- 55 
nected to a laser beam irradiation unit 1 of a ther- 
mal therapy apparatus of the third embodiment. 
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coolant circulating unit 4 supplies a coolant to the laser 
beam irradiation unit 1 via the coolant supply tube 1 85, 
the motor 1 88 rotates, and the laser beam irradiation 
unit 2 operates. 

[0023] A generated laser beam is guided to the dis- 
tal end portion of the laser beam irradiation unit 1 by the 
optical fiber 118, reflected by the reflecting surface 127, 
transmitted through a window and a cover member 113, 
and irradiates a target point 40. During the operation, 
the reflecting surface 127 changes the irradiation angle 
by moving back and forth in the axial direction at a 
period of 0.1 to 1 0 Hz. Since all optical paths of the laser 
beam cross each other at the target point 40 in a target 
portion 30, the target point 40 is continuously irradiated 
with the laser beam and heated to a high temperature 
by generating a large amount of heat. 
[0024] On the other hand, a surface layer 21 of the 
vital tissue 20 is intermittently irradiated with the laser 
beam and maintained at a relatively low temperature 
because the amount of generated heat is small. Conse- 
quently, this surface layer 21 is protected from the influ- 
ence of the laser beam heating. 

[0025] Fig. 2 is a sectional view of the distal end 
portion of the laser beam irradiation unit 1 . As shown in 
Fig. 2. the laser beam irradiation unit 1 has the reflecting 
surface 127 as a smooth reflecting portion for reflecting 
a laser beam inside the housing 112 (the surface 127 
will be referred to as a reflecting surface hereinafter). 
[0026] This reflecting surface 127 is coupled with a 
driving unit 150 (Fig. 1) placed in the proximal end por- 
tion of the laser beam irradiation unit 1 via an arm 1 1 6. 
When this arm 1 1 6 is moved in the axial direction of the 
main body front portion 110, the reflecting surface 127 
is also moved in the axial direction. 
[0027] The driving unit 150 (Fig. 1) has a cam 
mechanism (not shown) which converts the rotation of 
the motor 188 (Fig. 1) into reciprocation. When the 
motor 188 (Fig. 1) rotates, the driving unit 150 moves 
the reflecting surface 127 back and forth in the axial 
direction of the main body front portion 110. 
[0028] The housing 1 12 is a hard tubular glass hav- 
ing a laser beam irradiation window 115 and is covered 
with the cover member 113 having high laser beam 
transmittance. 

[0029] Fig. 3 is a perspective view for explaining the 
structures of the reflecting surface 127 and the arm 116 
of the laser beam irradiation unit 1 . The arm 1 1 6 sup- 
ports the reflecting surface 1 27 by branching into left- 
and right-hand portions in the housing 112. 
[0030] A support portion 1 28 is formed on one edge 
of the reflecting surface 127, and a pair of 
projections 133 are formed on the other edge. The sup- 
port portion 128 is attached to the arm 1 16 so as to be 
freely rotatable. Therefore, the support portion 1 28 can 
rotate in accordance with changes in the angle of reflec- 
tion of the reflecting surface 127. 

[0031] The projections 133 fit in grooves 132 
formed in inner walls of the housing 112. The arm 1 16 is 



'5 852 A2 6 

connected to the driving unit 150 (Fig.1 ) placed in the 
proximal end portion of the laser beam irradiation unit 1 
and moves the reflecting surface 127 back and forth in 
the axial direction of the main body front portion 110. 
5 Accordingly, on the basis of the cooperation of the arm 
116 and the grooves 132, the reflecting surface 127 
changes the inclination angle in accordance with the 
movement in the axial direction. 

[0032] Fig. 4 is a view for explaining the relationship 

to between the movement of the reflecting surface 127 
and the laser irradiation direction. As shown in Fig. 4, 
the distance between the arm 116 and the grooves 1 32 
not parallel to the arm 116 in a position P 2 is shorter 
than that in a position P v 

15 [0033] Accordingly, when the support portion 1 28 of 
the reflecting surface 127 moves from the position to 
the position P 2? the projections 1 33 of the reflecting sur- 
face 1 27 slide along the grooves 1 32 to adjust the incli- 
nation angle of the reflecting surface 1 27. 

20 [0034] That is, the inclination angle of the reflecting 
surface 127 with respect to the axis of the main body 
front portion 110 decreases from to G 2 . Likewise, 
when the support portion 128 of the reflecting surface 
127 moves from the position P2 to a position P3, the 

25 inclination angle of the reflecting surface 127 with 
respect to the axis of the main body front portion 1 1 0 
further decreases from 8 2 to e 3- 

[0035] In these positions P1 to P3, the laser beam 
reflected by the reflecting surface 127 concentrates on 

30 the target point 40 in the target 30 as a portion to be 
heated. That is, only the target point 40 is continuously 
irradiated with the laser beam, and other tissues such 
as the surface layer are intermittently irradiated. 
[0036] Accordingly, the target point 40 is heated by 

35 the laser beam to reach a desired temperature. On the 
other hand, other tissues such as the surface layer are 
hardly heated because the laser beam irradiation 
amount is small and hence the amount of generated 
heat is small. 

40 [0037] Note that the laser beam irradiation unit 1 is 
applicable to morbid portions having complicated 
shapes by properly designing the relationship between 
the arm 116 parallel to the axial direction of the main 
body front portion 110 and the grooves 132 not parallel 

45 to the axial direction, or appropriately designing the 
shape of the grooves 132. For example, the grooves 
132 need not be straight grooves but can be curved 
grooves. 

[0038] Fig. 5 is a sectional view for explaining an 
so application of the laser beam irradiation unit 1 . The dis- 
tal end portion of the main body front portion 1 10 is 
inserted into a body cavity 22. The housing 112 which 
accommodates the reflecting surface 127 is brought 
into tight contact with the surface layer 21 near the tar- 
55 get portion 30 as a morbid portion, i.e., a portion to be 
heated. 

[0039] It is desirable to directly confirm the position 
of the housing 1 12 by an endoscope 1 80. Note that the 
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position of the target point 40 in the longitudinal direc- 
tion of the main body front portion 1 1 0 is adjusted by 
moving the whole laser beam irradiation unit 1 in the 
longitudinal direction of the main body front portion 110. 
[0040] Also, the position of the target point 40 in the 
circumferential direction of the main body front portion 

1 1 0 can be adjusted by manually or automatically rotat- 
ing the entire laser beam irradiation unit 1 . 

[0041] During laser beam irradiation, the reflecting 
surface 127 is moved back and forth in the axial direc- 
tion while its angle is changed at a period of 0.1 to 10 
H/. preferably 1 to 6 Hz. Although the optical path of the 
laser beam is thus continuously changed, the laser 
beam so irradiates that all optical paths cross each 
otner at the target point 40. 

[0042] Consequently, the target point 40 and its 
vicinity are heated by the laser beam to reach a prede- 
termined temperature. In this manner, only the temper- 
ature in the desired portion 30 can be raised while a 
temperature rise in the surface layer 21 is suppressed. 
[0043] Note that the laser beam is preferably diver- 
gent light, parallel light, or convergent light. An optical 
system which collimates a laser beam into parallel light 
or convergent light can also be placed midway along the 
optical path of the laser beam. When the laser beam is 
divergent light, the emission end of the optical fiber 1 1 8 
is desirably interlocked with the arm 1 16 to stabilize the 
spot diameter of the laser beam. The laser beam used 
is not particularly limited as long as the beam is capable 
of reaching a deep part in a living body. The wavelength 
is preferably 750 to 1 ,300 nm, or 1 ,600 to 1 ,800 nm. 
[0044] For example, a gas laser such as an He-Ne 
laser, a solid laser such as an Nd-YAG laser, and a sem- 
iconductor laser such as a GaAIAs laser can be applied 
to the laser beam generator 2 for generating a laser 
beam having the above wavelength. 
[0045] Also, the diameter of the insertion portion of 
the laser beam irradiation unit 1, i.e., the outer diameter 
of the main body front portion 110 is not particularly 
restricted, provided that the diameter allows insertion 
into the body cavity 22. However, the outer diameter of 
the main body front portion 1 10 is preferably about 2 to 
20 mm, and more preferably, 3 to 8 mm. 
[0046] Figs. 6A and 6B are views for explaining a 
method of setting a direction in which a laser beam irra- 
diates a living body by the reflecting surface 127 by 
using the rotational angle setting/detecting unit 120. Fig. 
6A shows the rotational angle setting/detecting unit 120 
of the first embodiment placed between the main body 
front portion 110 and the main body rear portion 1 1 1 of 
the laser beam irradiation unit 1 . 

[0047] The rotational angle setting/detecting unit 
120 of the first embodiment has a rotary dial structure 
having distal and proximal portions 121 and 123. As 
shown in Fig. 1, the distal portion 121 is connected and 
fixed to the main body front portion 110. The proximal 
portion 123 is connected to the main body rear portion 

1 1 1 and fixed by the driving unit 150. 



[0048] The main body front portion 1 1 0 can freely 
rotate with respect to the main body rear portion 1 1 1 
fixed to the driving unit 150. 

[0049] A scale of 0° to 360° is marked on the distal 

5 portion 121 , and a point indicating the irradiation direc- 
tion of a laser beam, i.e., a laser beam irradiation direc- 
tion 125 Is formed above the position of 0° . 
[0050] As shown in Fig. 6A, when this laser beam 
irradiation direction 125 points vertically upward, the 

10 irradiation direction of a laser beam is right above. This 
laser beam irradiation direction is determined by align- 
ing the laser beam reflecting surface 127 with 0° in Fig. 
6A by changing the angle in the circumferential direction 
of the arm 1 1 6. 

15 [0051 ] The proximal portion 1 23 has a two-layered 
structure. The scale of a clock dial is marked on the rear 
layer. An front layer window 122 is filled with a liquid 
containing a bubble indicating the reference direction. 
[0052] When the laser beam irradiation direction 

20 1 25, i.e., 0° of the distal portion 121 is set at the position 
of the bubble, the laser beam irradiation direction in the 
circumferential direction of the laser beam irradiation 
unit 1 becomes opposite to the direction of gravity. Also, 
the laser beam irradiation direction can be defined as a 

25 1 2-o'clock direction by setting 1 2 o'clock in the proximal 
portion 123 at the position of the bubble. 
[0053] Note that in accordance with the shape of a 
vital tissue to be thermally treated, the shape of a living 
body into which the laser beam irradiation unit 1 is to be 

30 inserted, or the technical convenience of an operator, 
12 o'clock in the proximal portion 123 can be set in a 
direction different from the position of the bubble to 
define this direction as a 1 2-o'clock direction. The angle 
information of the distal portion 121 to the proximal por- 

35 tion 123 can be detected electrically by the rotational 
angle detector 9. 

[0054] An angle setting method of setting the laser 
beam irradiation direction in a 10-o'clock direction will 
be described below by taking Fig. 6B as an example. 
40 [0055] First, as shown in Fig. 6A, the proximal por- 
tion 123 connected to the driving unit 150 is rotated to 
align 1 2 o'clock in the proximal portion 1 23 with the bub- 
ble position. The circumferential position of the proximal 
portion 123, i.e., the circumferential position of the driv- 
es ing unit 150 is matched with the reference position and 
fixed. Subsequently, 0° in the distal portion 121 is set at 
12 o'clock and fixed such that the laser beam irradiation 
direction points in a 1 2-o'clock direction, thereby setting 
the reference direction in the 1 2-o'clock direction. 
so [0056] To set the laser beam irradiation direction at 
a position rotated 60° counterclockwise from the refer- 
ence direction, i.e., at a 10-o'clock position in the proxi- 
mal portion 123, 0° in the distal portion 121 is rotated 
60° to match 10 o'clock in the proximal portion 123. 
55 [0057] Consequently, as shown in Fig. 6B, the laser 
beam irradiation direction can be set in the 10-o'clock 
direction. In this manner, an operator can confirm the 
laser beam irradiation direction by visually checking the 
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scale. If the angle information detected electrically by 
the rotational angle detector 9, is displayed on the dis- 
play unit 7, the operator can also confirm the irradiation 
direction by this information. 

[0058] Note that the main body front portion 1 1 0 
connected to the distal portion 121 is not limited to the 
structure which can freely rotate with respect to the 
main body rear portion 1 1 1 connected to the proximal 
portion 1 23 and fixed by the driving unit 1 50. 
[0059] For example, the distal portion 121 can also 
be connected to both the main body front portion 110 
and the main body rear portion 1 1 1 fixed by the driving 
unit 1 50 and can freely rotate with respect to the proxi- 
mal portion 123. 

[0060] Fig. 7 is a flow chart showing a method of 
controlling thermal therapy using the thermal therapy 
apparatus 10 of this first embodiment by detecting devi- 
ation in the laser beam irradiation direction. In this first 
embodiment, deviation is measured using the rotational 
angle setting/detecting unit 120. If deviation exceeding 
an allowable range occurs, the therapy is immediately 
interrupted and restarted after the positional deviation is 
corrected. 

[0061] In this example, to detect whether the laser 
irradiation direction positioned by an operator is within 
the allowable range arid, if positional deviation occurs 
owing to, e.g., the movement of a patient, to detect 
whether the laser irradiation direction is within the allow- 
able range, the laser irradiation direction is monitored by 
using the rotational angle setting/detecting unit 120 
installed in the laser beam irradiation unit 1. 
[0062] A program of this processing is recorded on,, 
e.g., a ROM installed in the controller 6 shown in Fig. 1 
and executed under the control of an MPU. 
[0063] This flow chart will be explained below. First, 
an operator inputs a target laser beam irradiation direc- 
tion 60, an allowable deviation angle AO, and a laser 
beam irradiation set time T (step S1 0). Note that 6 0 is a 
counterclockwise rotational angle when the reference 
direction is 0° . 

[0064] Subsequently, a pointer installed in the con- 
troller 6 to indicate the laser beam irradiation time is ini- 
tialized to set to t = 0 (step S20). The operator then 
inserts the laser beam irradiation unit 1 into a living 
body, positions the laser beam irradiation unit 1, and 
presses a predetermined switch on the operation unit 8 
to measure a laser beam irradiation direction 0 (step 
S30). 

[0065] This laser beam irradiation direction G is 
compared with the target laser beam irradiation direc- 
tion 8 0 (step S40). If in step 40 the difference between 
the laser beam irradiation direction 0 and the target 
laser beam irradiation direction 8q exceeds the allowa- 
ble deviation angle AO, the display unit 7 displays infor- 
mation indicating the deviation in the irradiation 
direction (step S50). 

[0066] In this step, it is desirable to display the laser 
beam irradiation direction 6 and the target laser beam 
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irradiation direction G 0 by numerical values, or to display 
an arrow or the like on a schematic view of a vital tissue 
to be thermally treated, thereby permitting the operator 
to visually confirm the degree of the deviation in the irra- 

5 diation direction. 

[0067] On the other hand, if in step 40 the differ- 
ence between the laser beam irradiation direction 0 and 
the target laser beam irradiation direction B 0 does not 
exceed the allowable deviation angle A8, the display unit 

w 7 displays information permitting irradiation of a laser 
beam, so the operator presses a predetermined button 
on the controller 6 to perform irradiation of a laser beam 
(step S60). 

[0068] When a time At has elapsed, i.e., when the 

15 pointer installed in the controller 6 to indicate the laser 
beam irradiation time becomes t = t + At (step S70), 
the laser beam irradiation direction 6 is again measured 
(step S75) and compared with the target laser beam 
irradiation time GO (step S80). At is preferably 1 0 sec or 

20 less, and more preferably. 1 sec or less. If in step S80, 
the difference between the laser beam irradiation direc- 
tion 6 and the target laser beam irradiation direction Gq 
does not exceed the allowable deviation angle AO, 
whether the laser beam irradiation time has reached the 

25 laser beam irradiation set time T is checked (step S90). 
[0069] If the laser beam irradiation time has 
reached the laser beam irradiation set time T, the con- 
troller 6 terminates the irradiation of the laser beam 
(step SI 20). The display unit 7 displays information indi- 

30 eating the termination of the laser beam irradiation (step 
S125). 

[0070] If the laser beam irradiation time has not 
reached the laser beam irradiation set time T, the flow 
returns to step S70 to continue the laser beam irradia- 

35 tion. If in step S80 the difference between the laser 
beam irradiation direction 6 and the target laser beam 
irradiation direction e 0 exceeds the allowable angle AG, 
the controller 6 interrupts the irradiation of the laser 
beam (step S100), and the display unit 7 displays infor- 

40 mation indicating the interruption of the thermal therapy 
due to the deviation in the irradiation direction (step 
S110). 

[0071] A method of setting an irradiation direction 
when a laser beam is to irradiate in a plurality of direc- 

45 tions will be described below by taking a case in which 
irradiation directions are two directions as an example. 
As shown in Fig. 8, a first irradiation direction is a direc- 
tion of 60° (10-o'clock direction) counterclockwise from 
the reference direction. A second irradiation direction is 

50 a direction of 90° from the first irradiation direction, i.e., 
a direction of 1 50° (7 -o'clock direction) from the refer- 
ence direction. 

[0072] First, a laser beam irradiation direction is set 
in the first irradiation direction. This method will not be 
55 explained because it is the same as described above. 
After a laser beam irradiates in this first irradiation direc- 
tion, the laser beam irradiation direction is set in the 
second irradiation direction. That is, the 0° point in the 
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distal portion 121 on which the laser beam irradiation 
direction 125 is marked is rotated 90° counterclockwise 
from the first irradiation direction and aligned with 7 
o'clock in the proximal portion 123. 

[0073] In this state, 150° in the distal portion 121 is 5 
positioned at the position of the bubble, i.e., the position 
of 12 o'clock in the proximal portion 123. By thus detect- 
ing the correspondence between a specific clock direc- 
tion on the scale of the proximal portion 1 23 and the 0° 
point in the distal portion 121 or by detecting the corre- w 
spondence between a specific degree on the scale of 
the distal portion 121 and the position of the bubble, 
each laser beam irradiation direction can be known. 
Even when irradiation directions are three or more 
directions, each laser beam irradiation direction can be 75 
known by a similar operation. 

[0074] To prevent laser beam irradiation in the 
same direction due to operational error, the controller 6 
can include a storage device (not shown) for storing 
directions in which a laser beam irradiates. 20 
[0075] Fig. 9 is a flow chart showing a thermal ther- 
apy control method of detecting deviation in a laser 
beam irradiation direction in thermal therapy performed 
by making a laser beam irradiate in a plurality of direc- 
tions by using the thermal therapy apparatus 1 0. 25 
[0076] A description of the same points as in the 
flow chart shown in Fig. 7 described above will be omit- 
ted, and only differences will be explained. The flow 
chart in Fig. 9 shows a method which in performing ther- 
apy by making a laser beam irradiate in m directions 30 
measures deviation in each laser irradiation direction. If 
deviation exceeding an allowable range occurs, the 
therapy is immediately interrupted and restarted after 
the positional deviation is corrected. In this example, to 
detect whether each laser irradiation direction posi- 35 
tioned by an operator is within the allowable range and, 
if positional deviation occurs owing to, e.g., the move- 
ment of a patient, to detect whether each laser irradia- 
tion direction is within the allowable range, each laser 
irradiation direction is monitored by using the rotational 40 
angle setting/detecting unit 120 installed in the laser 
beam irradiation unit 1. 

[0077] This flow chart will be described below. First, 
an operator inputs the set number m of times of laser 
beam irradiation, target laser beam irradiation directions 45 
® 10* ®2Q>~> G mo» allowable deviation angles A8 1t AG 2 ,..., 
AGm, and laser beam irradiation set times T1 , T2,..., Tm 
corresponding to the individual laser beam irradiation 
directions. (Step S1 1) 

[0078] Note that G 10 , 8 20 Q m o are counterclock- so 

wise rotational angles when the reference direction is 
0°. Subsequently, a pointer installed in the controller 6 
to indicate the number of times of laser beam irradiation 
is initialized to set n = 1 (step S15). 

[0079] A procedure up to step S125 in which ther- 55 
apy in a first irradiation direction is completed is the 
same as in the flow chart shown in Fig. 7, so a detailed 
description thereof will be omitted. 



[0080] When the therapy in the first irradiation direc- 
tion is completed, whether the number n of times of 
laser beam irradiation has reached the set number m of 
times of laser beam irradiation is checked (step S130). 
If NO in step S130, the flow advances to stepSl40, and 
the display unit 7 displays information prompting move- 
ment to a second laser beam irradiation direction. After 
the direction has moved to the next laser beam irradia- 
tion direction, the operator presses a predetermined 
switch on the controller 6 to add 1 to the pointer installed 
in the controller 6 to indicate the number of times of 
laser beam irradiation (step S150), and the flow returns 
to step S20. A similar operation is repeated even when 
laser beam irradiation directions are three or more 
directions. 

[0081 ] If the number q of times of laser beam irradi- 
ation has reached the set number m of times of laser 
beam irradiation, the display unit 7 displays information 
indicating the completion of the thermal therapy. 
[0082] Fig. 1 0 is a view showing the system config- 
uration of a thermal therapy apparatus 1 0 of the second 
embodiment. A detailed description of this thermal ther- 
apy apparatus 10 will be omitted because a rotational 
angle setting/detecting unit 140 and a main body 210 of 
a laser beam irradiation unit 1 are the only difference 
from the first embodiment. This rotational angle set- 
ting/detecting unit 140 and a main body will be 
described below with reference to Figs. 1 1 A and 1 1B, 
but a description of the same points as in the first 
embodiment will be omitted. 

[0083] Figs. 1 1 A and 1 1 B are views for explaining a 
method of setting laser beam irradiation directions in a 
living body by a laser beam reflecting surface 127 by 
using the rotational angle setting/detecting unit 140. 
Fig. 11A shows the rotational angle setting/detecting 
unit 140 of the second embodiment installed in a main 
body 210 of a laser beam irradiation unit 1. This rota- 
tional angle setting/detecting unit 140 of the second 
embodiment is composed of a potentiometer shaft 141 
and a potentiometer 1 43 having input/output terminals 
142. The potentiometer shaft 1 41 is preferably detacha- 
ble from the main body 210 to allow easy replacement 
of the main body 210. 

[0084] Also, the potentiometer shaft 141 and a con- 
necting portion of the main body 21 0 can have noncircu- 
lar shapes such as the shapes of a key and a keyhole. 
Furthermore, to prevent unexpected removal, a lock 
mechanism can be formed in the potentiometer shaft 
141 or the main body 210 to allow reliable connection. 
[0085] As shown in Fig. 1 1B, the main body 210 of 
the laser beam irradiation unit 1 is rotated such that the 
potentiometer shaft points in the direction of gravity indi- 
cated by a weight 1 44, and this point is taken as a refer- 
ence point. Also, the main body 210 of the laser beam 
irradiation unit 1 is rotated through an arbitrary angle 
from this reference point, and an output value from the 
potentiometer with respect to this arbitrary value is 
measured. A calibration curve indicating the relation- 
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ship between the arbitrary angle and the potentiometer 
output value is formed and stored in a controller 6. 
[0086] When the main body 210 of the laser beam 
irradiation unit 1 is to be set at the arbitrary angle, the 
data of this calibration'curve is used. 
[0087] When thermal therapy is performed using 
the thermal therapy apparatus of the second embodi- 
ment, a method of detecting and correcting deviation in 
the laser irradiation position produced when a patient 
moves his or her body for some reason is the same as 
the flow chart shown in Fig. 7, so a detailed description 
thereof will be omitted. 

[0088] Fig. 1 2 is a view showing the construction of 
a stand member 144 as a rotational angle/position 
detecting means connected to a laser beam irradiation 
unit 1 of a thermal therapy apparatus 10 of the third 
embodiment. 

[0089] The system configuration of the thermal 
therapy apparatus 10 of this third embodiment differs 
from Fig. 10 of the second embodiment described ear- 
lier only in the stand member 144 as a rotational angle 
setting/detecting means. Hence, a description of the 
system configuration and identical points will be omit- 
ted. 

[0090] The stand member 144 as a rotating angle 
setting/detecting means as the only difference will be 
described below with reference to Fig. 12. 
[0091 ] This stand member 1 44 as a rotational angle 
setting/detecting means is composed of a potentiome- 
ter member 145 having a hole in its central portion 
through which it can be attached to and detached from 
a main body 210, a columnar member 1 46 connected to 
this potentiometer member 145, and a fixed base 147. 
As shown in Fig. 1 2, the potentiometer member 1 45 and 
the main body 210 are connected by inserting the main 
body 210 into the central hole of the potentiometer 
member 145. 

[0092] This potentiometer member 145 is so 
designed as to permit movement and rotation in the 
axial direction. The potentiometer member 145 incorpo- 
rates a displacement sensor, such as a variable resistor 
or a potentiometer, which when reset at an initial posi- 
tion senses a moving amount and a rotating amount in 
the axial position from the initial position. 
[0093] Information such as the position in the axial 
direction or the rotational angle of the main body 210 
sensed by the potentiometer member 1 45 is transmitted 
as a signal to a controller 6. The fixed base 147 can be 
placed on a hardly moving portion of a patient or on a 
bed. medical table, or operating table used when ther- 
mal therapy is performed, so that the potentiometer 145 
does not move. 

[0094] The initial position is set by inserting the 
main body 210 to a desired position in a living body, 
e.g., to the center, back side, or front side of a vital tis- 
sue to be irradiated with a laser beam, and pressing a 
predetermined switch on a control unit. 
[0095] In this initial position setting, a reference 
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insertion length is preferably set by a visual check by an 
endoscope 180 inserted into the main body 210 or by 
performing image diagnosis such as MR I (Magnetic 
Resonance Imaging), CT (Computed Tomography) 

5 using X-rays or magnetic resonance, PET (Positron 
Emission Tomography), or SPECT (Single Photon 
Emission Computed Tomography). 
[0096] The stand member 144 as a rotating angles 
setting/detecting means is connected to the controller 6. 

w Similar to the rotational angle setting/detecting unit 1 40, 
the main body 210 is previously moved an arbitrary 
length from the reference insertion length. A calibration 
curve indicating the relationship between this arbitrary 
moving distance of the main body 210, i.e., the arbitrary 

15 moving distance of a movable part and the resistance 
value of a variable resistor or the output value from a 
potentiometer is formed, and the data is stored in the 
controller 6. 

[0097] The main body 210 is set at the arbitrary 
20 insertion length by using this calibration curve data. A 
driving mechanism can also be incorporated into the 
potentiometer member 145 to allow insertion of the 
main body 21 0 into a living body or rotation of the main 
body 1 10 by electric power under the control of the con- 
25 troller6. 

[0098] When thermal therapy is performed using 
the thermal therapy apparatus 10 of the third embodi- 
ment, a method by which the stand member 144 as a 
rotational angle setting/detecting means detects and 
30 corrects deviation of a laser beam irradiation unit 1 pro- 
duced when a patient moves during the therapy is the 
same as the flow chart in Fig. 7, so a detailed descrip- 
tion thereof will be omitted. 

[0099] Also, a method by which the potentiometer 
35 145 detects and corrects deviation of the laser beam 
irradiation unit 1 can be carried out by a flow chart simi- 
lar to the flow chart shown in Fig. 7 by inputting axial 
direction position information and an allowable deviation 
length, instead of the irradiation angle and the allowable 
40 deviation angle in Fig. 7. 

[0100] Furthermore, by inputting all of the irradia- 
tion angle, allowable deviation angle, axial direction 
position, and allowable deviation length, it is possible to 
detect and correct deviation of the laser beam irradia- 
45 tion unit 1 in both the rotating direction and the longitu- 
dinal direction. 

[0101] The thermal therapy apparatus of the 
present invention includes a device for detecting the 
irradiation direction of energy during thermal therapy in 

so which energy irradiates a living body, and can thereby 
easily set the irradiation direction in a desired direction. 
The apparatus can also control the thermal therapy on 
the basis of the detection information. 
[0102] The present invention is not limited to the 

55 above embodiments and various changes and modifica- 
tions can be made within the spirit and scope of the 
present invention. Therefore, to apprise the public of the 
scope of the present invention, the following claims are 
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Claims 

1. A thermal therapy apparatus for performing a med- 
ical treatment by irradiation of energy into a living 
body, comprising: 

energy generating means(2) for generating the 
energy; 

a long insertion portion(1 10,210) which can be 
inserted into the living body; 
an emission portion(127) formed in said inser- 
tion portion(1 10,210) to perform lateral irradia- 
tion of the energy with respect to a longitudinal 
direction of said insertion potion(1 10,210); 
direction detecting means(1 20) for detecting an 
irradiation direction of the energy in said inser- 
tion portion(1 10,210); and 
confirming means(7) for notifying an operator 
of information about the detection by said 
direction detecting means (120). 

2. A thermal therapy apparatus for performing a med- 
ical treatment by irradiation of energy into a living 
body, comprising: 



moving means(1 16) for moving the position of 
said emission portion(127) in the longitudinal 
5 direction of said insertion portion(1 10,210); 

and 

interlocking means(133) for changing an emis- 
sion angle of said emission portion(127) in 
accordance with the movement in the longitudi- 
10 nal direction of said emission portion (127). 

7. The apparatus according to any one of claims 1 to 

6, further comprising cooling means(4) for cooling 
said emission portion and the surface and its vicin- 

15 ity of a living body irradiated with the energy. 

8. The apparatus according to any one of claims 1 to 

7, further comprising: 

20 position detecting means(120) for detecting 

position information in an axial direction of said 
insertion portion(1 10,210); and 
control means (6) for controlling said irradiation 
of the energy on the basis of the position infor- 
ms mation detected by said position detecting 
means(120). 



energy generating means(2) for generating the 
energy; 

a long insertion portion(1 10,210) which can be 30 
inserted into a living body; 
an emission portion(127) formed in said inser- 
tion portion(1 10,210) to perform lateral irradia- 
tion of the energy with respect to a longitudinal 
direction of said insertion potion(1 10,210); 35 
direction detecting means(120) for detecting an 
irradiation direction of the energy in said inser- 
tion portion(1 10,210); and 
control means (6) for controlling said irradiation 
of the energy on the basis of information about 40 
the detection by said direction detecting 
means(120). 

3. The apparatus according to claims 1 or 2, wherein 
said direction detecting means(120) is filled with a 45 
liquid containing a bubble which is always posi- 
tioned in the opposite direction to gravity. 

4. The apparatus according to claims 1 or 2, wherein 
said direction detecting means(120) comprises at so 
least one of a displacement sensor and an angular 
displacement sensor. 



5. The apparatus according to any one of claims 1 to 
4, wherein the energy irradiation is irradiation of a 55 
laser beam. 



6. The apparatus according to claim 5, further com- 
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(54) Thermal therapy apparatus 



(57) A thermal therapy apparatus has a detecting 
device for detecting the irradiation direction of energy in 
thermal therapy by which energy irradiates a living body, 
and can thereby easily set an emission portion in a de- 
sired direction and control the thermal therapy on the 
basis of the detection information. This thermal therapy 
apparatus for performing a medical treatment by irradi- 
ating a living body with energy includes an energy gen- 
erator for generating the energy, an insertion portion 



which can be inserted into a living body and which has 
a reflecting portion for performing lateral irradiation of 
the energy with respect to the longitudinal direction of 
the insertion portion, a transmitting unit for transmitting 
the energy generated by the energy generator to the re- 
flecting portion, a direction detecting unit for detecting 
the irradiation direction of the energy in the insertion por- 
tion, and a controller for controlling the thermal therapy 
on the basis of information about the detection by the 
direction detecting unit. 
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